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INTRODUCTION
Nanotechnology has recently become one of the most promising technologies for development of new materials for novel applications. Titanium dioxide (TiO 2 ) nanoparticle is one of the common nanomaterials used for photocatalytic degradation of organic compounds in gaseous and wastewater fields. However, the disadvantages of TiO 2 nanoparticles, such as easy loss of photocatalytic activity, agglomeration and difficulty in being recovered, hamper its application to photocatalytic systems.
Since the fortuitous discovery of carbon nanotubes (CNT) by Ijima (1991) , the development of one-dimensional (1-D) nanomaterials have attracted much attention due to their unique physical and chemical properties. Titaniumderived 1-D nanomaterials such as titanate nanotubes (TNT) and nanowires have also been extensively studied due to their potential application in lithium batteries, dye-sensitized solar cells and photocatalysts (Kavan et al. 2004; Bayykin et al. 2006; Nian et al. 2006) . Alkaline hydrothermal method is an inexpensive and simple method which has recently been employed to fabricate titanate nanotubes, nanorods, nanowires, and nanobelts with various diameters under different conditions. Several parameters including hydrothermal temperature, duration, concentration of alkaline solution, natures of raw materials, TiO 2 powder to alkaline solution ratio and post-treatment process have been demonstrated to influence the morphology and microstructures of titanate nanostructures (Bavykin et al. 2004; Yoshida et al. 2005; Chen & Peng 2007; Morgado et al. 2007) . It is well established that hydrothermal temperature within the range of 90 -1708C would synthesize nanotubes, while higher temperature may lead to the formation of distinct nanoparticle shapes such as doi: 10.2166/wst.2008.553 nanowires or nanoribbons (Yuan & Su 2004; Ma et al. 2005; Morgado et al. 2006) . In addition, the NaOH concentrations in the range 8 -10 M are the optimal concentration for maximum yield of TNT (Kasuga et al. 1998; Yuan & Su 2004) . However, the dependence of the aspect ratio (i.e. ratio of length/diameter) of 1-D nanostructures and the morphology is indistinguishable from numerous studies.
Titanium dioxide based materials with nanoscale dimensions and high morphologic specificity are of great interest for its environmental application. However, the TNT prepared by the alkaline hydrothermal treatment are H-titanate forms, and show almost inferior performance on removal of pollutant when compared with that of Degussa P-25. The combination of TNT with other nanomaterials to form nanocomposite materials has been demonstrated to be effective in the enhancement of removal performance of TiO 2 -derived nanotubes. Several nanomaterials including CNT, TiO 2 nanoparticle, SnO 2 , and CdS have been used to improve the photocatalytic activity (Cao et al. 2004; Akita et al. 2005; Yu et al. 2007) . Yu et al. (2007) combined the TiO 2 nanorod with titanate nanotubes to endow titania with unique large specific surface and pore volume. The further experiment on the photodegradation activity towards acetone decomposition showed that the mesoporous titania nanorod/titanate nanotubes composites exhibited excellent photodegradation efficiency on both acetone oxidation and methyl orange decolorization. Moreover, the effect of carbon nanotubes (CNTs) on the adsorption of azo dyes by TiO 2 nanoparticles was investigated (Yu et al. 2005) . CNTs were found comparatively to better improve the adsorption of the dyes onto P-25 due to the strong interaction between P25 and CNTs. However, the combination of 1-D CNT with TNT for coupled removal of organic compounds as well as heavy metals has received less attention.
In this study, the 1-D nanocomposite materials with high aspect ratios and specific surface areas was fabricated for the coupled removal of organic compounds and heavy metals. Preparation of titanate nanomaterials using pressure bomb autoclave system Degussa P-25 TiO 2 was used for the preparation of TNT by a hydrothermal method. In general, 0.8 g of titania powders
were dispersed into 10 mL of 10 M NaOH in a 30 mL Teflonlined vessel. The hydrothermal reaction was carried out at 60 -2308C for 72 h. After the hydrothermal treatment and subsequent cooling down to room temperature, the hydrothermal products were repeatedly washed by 0.1 N HCl, distilled water, and 50 mM HEPES buffer in sequence until the pH value of solution was near 7.0. The white precipitates were then harvested by centrifugation at 10,000 rpm for 5 min. Anhydrous ethanol was then used to replace water and stabilize the TiO 2 -derived nanomaterials, dried by a stream of N 2 gas and then sealed in bottles until use.
Characterization
The surface morphology was determined by SEM image. The SEM image was obtained using Hitachi S-4700 type a and image is secondary electron image. Before placing a sample into the vacuum chamber, the surface of sample were coated with Pt using Ion Sputter e-1030 (Hitachi, Japan) to increase the conduction of sample surface. After coating with Pt, the sample was placed under high vacuum (10 23 -10 27 mbar)
condition. An acceleration electron voltage of 5 k voltage was typically used. The magnification of image range is from 5 k to 50 k. In addition, the dimensions and morphology of nanostructured titanate materials were examined by transmission electron microscopy (TEM) and a high resolution transmission electron microscopy (HRTEM, JEOL, JEM-3000F) at accelerating voltages of 300 and 4000 kV, respectively. The specimen was prepared by dispersing of titanate nanostructures on a Cu grid.
The specific surface area and pore size distribution studies were carried out by nitrogen adsorption and desorption at 77 K using a surface area and porosimetry system (ASAP 2020, Micromeritics). The specific surface area was obtained by Brunauer, Emmett and Teller (BET) model which uses low-temperature gas adsorption method to determine the specific surface area of the porous solids.
In addition, pore, radii and volumes of the nanostructured materials can be determined using Barrett, Joyner and In addition, the low surface area of hydrothermal product from P-25 at 608C resulted from the incomplete transformation of P-25 from nanoparticles to lamellar or tubular structures, which can be clearly seen in Figure 1 (a). At high hydrothermal temperature (180 -2308C), however, the titanate nanostructures transformed to nanorods, resulting in the decrease in surface area.
Characterization of TNT/CNT nanomaterials
After the successful fabrication of TNT nanomaterials, multi-wall CNTs at various ratios ranging from 2.5 wt% to CNT/TNT nanomaterials at 1208C for 3 d. TNT is a better nanomaterial for Cu 2 þ adsorption. Figure 6 shows the adsorption isotherms of Pb 2 þ onto CNT/TNT nanomaterials at various ratios of 2.5 -10 wt% The adsorption of an adsorbate onto the adsorbent can be estimated with Langmuir isotherm model:
where C e is the equilibrium concentration of metal ion in solution (mg L 21 ); q m is the maximum adsorption capacity (mg g 21 ), and K L is the Langmuir adsorption constant
). The constants of the isotherm model obtained from the fitting of the isotherm model to the q m are given in Table 2 . As shown in Table 2 , the q m of Cu 2 þ and Pb 2 þ onto CNT/TNT, estimated from the Langmuir isotherm, were in the range 83.3 -124 and 192-588 mg/g, respect- ively. In addition, the q m values for Cu 2 þ and Pb 2 þ onto CNT/TNT were 6.1-9.1 and 1.3-3.9 times, respectively, which are higher than that of pure CNT. This reflects the fact that CNT/TNT nanocomposites are better adsorbents for the adsorption of metal ion in solution. Figure 7) . 
